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1. PROJECT NO. 1 - Cold Weather Operations. Second Partial Report on Sub- 
Project No. 1-19, Study of the Physiological Effects of Cold. 


a. Authority - Letter Commanding General, Headquarters Armored Force, 
Fort Knox, Kentucky, File 400.112/6 GNOHD, dated Septenber 24, 1942. 


b. Purpose - To study the differences in responses of men to cold. 
2. DISCUSSION: 


a. There are significant variations in the subjective responses of men — 
to cold. On the basis of this variability men have been broadly classified as 
being relatively resistant, intermediate, or susceptible. A previous report* 
presented a detailed discussion of these types, the procedure for selection, and 
the lack of correlation between sensory and thermal experiences. The data presented 
therein were obtained during three (3) successive morning exposures for each man. 
Since the completion of that preliminary survey an additional fifty (50) men have 
been tested and of these, a representative group of ten (10) subjects have been 
exposed to the cold for a period of thirty-one (31) days. The data obtained form 
the basis of the present report. This study was part of the broader program of 
evaluation of clothing and since the findings will be of sunt tribe to testing 
agencies, the analysis of data is being reported. 


b. During our earlier studies of cold weather clothing, we attempted to 
expedite our testing by making two (2) tests in a single day. This was discontinued 
since the men exhibited markedly different behavior patterns in the morning and 
afternoon exposures. Specific investigation of this phenomenon was not possible at 
that time. During the present tests, observations were deliberately made during 
successive morning and afternoon exposures. Also, on a few days, the men did not 
enter the cold room in the morning, the first exposure of the day being in the 
afternoon. 


3. CONCLUSIONS: " 

a. The variations in sensory experiences cf men exposed to the cold are 
significant. While men may be classified as resistant, susceptible or intermediate, 
only the resistant may be considered to be relatively stable. Susceptible and 
intermediate sen exhibited marked daily variations. 


* Sub-Projects l-l, Partial Report on Test of the Adequacy and Range of Winter 
Clothing and 1-18, Study of the Methods for Selection of Ken for Cold Weather | 
Operations, dated 1 April 1944. | Pas: 


b. The sensory organs which respond to cold stimuli appear to make an 
adaptation which persists for several hours following return to ordinary environ- 
mental temperatures. An afternoon exposure, following a three (3) hour morning 
exposure, does not result in such acute sensory ys seh is aay as are present during 
first exposure (morning or afternoon). 


c. There is need for further study to determine the basic cause of varia- 
tions in man's sensory response to cold and the factors leading to the marked daily 
variation in some men, 


d. The considerable variation in the sensory responses of men belonging 
to the intermediate and susceptible groups makes the use of individuals of these 
groups of questionable value in clothing tests, 


4. RECOMMENDATIONS: 
a. No specific recommendations are made. 


b. This report is being distributed to agencies concerned with the test- 
ing of clothing and equipment. 


Prepared by: 
Steven M. Horvath, Major, SnC 
Howard Golden, Tec 3 
John Wagar, Tec 3 


WILLARD LMACHLE 
Colonel, Medical Corps 
Commanding | 
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APFENDIX 


1. Procedure: 


a. Two (2) series of tests were conducted. In the first, fifty (50) 
men Were processed to determine their relative resistance to cold and to classify 
them into categories representing three different degrees of tolerance to cold. 
From this group ten (10) representative men were selected for the second series of 
tests. These men were employed primarily as subjects for a series of clothing 
studies but were retested at intervals for their susceptibility to cold. Subjective 
responses were obtained during three (3) hour periods of exposure to environmental 
temperatures of -18°, -23°, -279, and -36°C. Measurements of skin and rectal temp— — 
eratures were made cn a number of subjects. Since the intention of this investiga- 
tion was to observe differences in relative resistance to cold, the subjects wore 
the Same type of clothing in all tests. 


b. The subjective sensations of cold which have been found to be most 
precisely reportable are the onset of pain in the fingers, onset of pain in the 
toes and the onset of shivering. The criteria established in our previous report 
for the segregation of men into general classes of cold resistance are defined as 
follows, based upon a single exposure to the cold: 


Susceptible: When two (2) of the three (3) manifestations of dis- 
comfort appear within two (2) hours without exceptional 
resistance in the third modality. 


Resistant: when two (2) of the three (3) manifestations of dis- 
comfort do not appear within three (3) hours and the 
third not before one and a half hours, 


Intermediate: Subjects not included in above two (2) groups. 
2. Selection Tests: 


a» A group of fifty (50) men were tested at an ambient temperature of -27°C 

with zero wind velocity. On each successive day a group of ten (10) men came to 

the laboratory. After being fitted with a Standard Arctic clothing assembly, they 
were taken into the cold room to sit quietly for a period of three (3) hours. The 
same men returned for another test in the afternoon, approximately two (2) hours 
after the cessation of the morning exposure. Lunch was eaten one to one and one 

half hours prior to re-entering the cold room. The only data obtained were subjec- 
tive responses to the cold and rectal temperatures before and after each exposure. 


b. The clothing worn by this group consisted of the following: 


Underwear, Wool, 50/50 Socks, Wool, Cushion Sole, 1 pair 
Trousers, Field, Pile Socks, Wool, Ski, 2 pairs 

Trousers, Field, Cotton, 0.D. Shoe, Arctic, Felt 

Jacket, Field, Pile Litten, Insert, Trigger Finger, M-1943 
Parka, Fidld, Pile Mitten, Shell, Trigger Finger, M-1943 


Parka, Field, Cotton, 0.D. 


Incl, f2 


b. The times for the onset of the subjective sensations in this group of 
fifty (50) men during their morning exposure are shown in Fig. 1. On the basis 
of the previously proposed classification, nine (9) men can be considered resistant 
and twelve (12) men susceptible. These men are identified in the chart (Fig. 1). 
The results obtained with this group agree fairly well with those obtained on the 
group of fifty-six (56) men studied previously. The distributions into the three 
categories is shown for the two (2) groups in Fig. 2. The comparative percentages 
for the present and the earlier group respectively are: Resistant, 18 and 21 per 
cent; Susceptible, 24 and 43 per cent; Intermediate, 58 and 45 per cent. The 
classification based on single exposures is slightly more stringent than when 
based on three (3) exposures. This may account for the greater percentage of 
intermediates in the present group. 


c. The results of the afternoon exposure on these men were markedly differ- 
ent from the morning observations. Only three (3) of the (50) men reported the 
occurrence of any subjective sensations of discomfort. These three (3) had been 
classified as intermediate reactors on the basis of their morning exposure. Sub- 
ject Ti. reported onset of pain in his toes in eighty-five (&5) minutes, Di. had 
pain in the toes in one hundred fifteen (115) minutes and shivering in one hundred 
ten (110) minutes, and Wz. started to shiver at one hundred ten (110) minutes. The 
results of the afternoon test suggested that forty~seven (47) men were resistant 
and three (3) were intermediate. Further investigation of this phenomenon was felt 
necessary. 


3. Retest: 


‘ 


a. From the above group of fifty (50) men, ten representative individuals 
were selected to act as subjects for some clothing studies. Before and during the 


progress of these tests a number of observations were made on these subjects dressed — 


in a standard Arctic clothing assembly. 


Control Clothing Worn by Subject in These Tests. 


Drawers, Wool, 50/50 

Undershirt, Wool, 50/50 

Shirt, Flannel, 0.D. 

Trousers, Field, Wool, O.D. 

Trousers, Field, File 

Trousers, Field, Cotton, 0.D., Sateen, 9 oz. 
Parka, Field, Cotton, 0.D., Sateen, 9 oz. 
Parka, bile 

Shoe, Arctic Felt 

Socks, Wool, Ski ( 2 pairs) 

Socks, Wool, Cushion ( 1 pair) 

Mittens, Insert, Trigger Finger M-1943 
Mittens, Shell, Trigger Finger K-1943 
Mufflers, Wool 

Wristlets, Knit 


b. Two types of tests were made: (1) repeated observations of the men 
during the progress of the clothing tests to determine the stability of their 
responses to the cold over a period of consecutive acute exposures and (2) observa- 
tions on successive morning and afternoon exposures either preceding or following 


an afternoon exposure made without a previous morning exposure. Records were ob— 


Incl. #1 2 ‘ 


| a ae Pe Sh, oS ee ee a 


sd 
ONT |, 


jae cRbee ot 


’ 


“ ” Bs sata a le ban H Bic ‘ tt 
A epee MP] - ngs 


7 tS tie anys ‘ora? eevee ie SO Lat CAR! sae roe 
; : : | | Na Pewrsar St: Ol ERO?) 6 oe fiery Rega y® \ OH * y 
ae | Lepaenne ay LTT a. Hie "lis Coun he OE 
Mii: Beare e et Wie a ie goer? Chea | ; age: 
ae anu Ea cond SEM. ONE! ; ‘, Diatee ear 
ae ite Pere hap p. oor” ae lea 
all i satel Pe. | in 


i Jen rere CoS es Be Ua a LT 


Fee Oe. Tiara | runing wpspe an ste doen Pay aera 
ORES 4) ikea ay if ba 9. pes are. w wiry ee u ¢ net att mori ye i oe we ews Leh eae ‘Bp f A iG 
oa WSS NaC Sear). TR eS ee a ane Ne, SIN TOS 
em wy 

‘ oe Oe ee Ma GLE Tek eo me? res Relta tenes s a: 


Cae: TOMAR ALO Ie 24 Bo. Aa stn 


ee he 


3s Epic GI Flin 


FUG ip be Raiak Of 1 le CUP MLAS 43 i IRE hele UR Re Cre eb eT Pe een ae 
APO Sts Hy ar Re Pewee arto eT Peace) arts TE Sar hohe ahs Sh ai ete ewr 3F 
7 pass Ap, ae aT any es OEE He TT ABh RO oes tata pen Pe Sapa i a 
; FIST tel eee ee ee SUL dade ne ey Lar Ae aN, ; ey Was e SAPS yee had | 
7; aos As ay RhOE pad Kay aay 1 4 wah rt. (34 ts pred vs 2s pected tere oA s (s h. thee tts 
ha ~ 


; ; j pai ln ; ieee sil ds de ern ans RD ks oer Le . Ante whe ens ae” 
4 2 pba ss a Wiper tes REPS LOLS OW. Ie Heath IP ORE BAO oS 
See 


av SOME LETG e OU MTA BNR ORE TAS NOUMSCE TOUS. it GyacouoLree svete Lobes 
Chit ’ J - : ‘i y 

. ¢ - A. wall r “er, ale  aey . = 4 oo »@ « ‘ ¥ . s? 4 + . ¥ J ? 
BE on SEES Tere ee: WRI ee OBR E MRA Smee es) ay ee eee fe). Meteo 
ay ' ‘7 r ‘ ‘ 


ae Oe 7 « RARORTE OP OOML aes SOP a ROOTS OCHOA AS: OE PES. SPGIN shee Rie 


ELDER RM! The saa) eae “SE. earls ) sat 
pater Car eurgene i 94) eoteretan * Hiry @ Leia PeCOdbs TOL tte Biewroet tenor -f 
RPUAT Ee eee prey ow fa eae | orb ouny nae Pe SE TRE na) ASAT OSS | Pues ; AB 
Heng: oath ro ye ae cin Tey ree Leia boat Died eraney Wa, Dock eg eee ae 
¢ Shia ie iS OTL: By 1G OS Fee cae Le aiden ey A 30 | 
GVEA SEL SOR: TE Om SOL Coe Pe LS) RSs fo 41 he Mn Do Mien use) dob et ged 
CSI: 4 sh LTE PRS {30} WaT ENAIOY Ohms Ofer THO TULA ORS TOS TRS Wak 
Ee LRN T ER SEIT MES PTE BLOOn vinags LI TRT. Ma TT aA: CO me Gp Rey bia 

haa ot pile Pm Crs) riety ert gia tt CTHeF x ipavw a) ted rue TTT nh Ti Rid si a 


Riem Care as 4 ORG. OTReRT Te Meas” Lrg 


1 Wake, Ses TN a ty Rh ee 


tained primarily on the subjective sensations experienced by the subjects. How- 
ever, objective measurements, such as skin and rectal temperatures and metabolic 
rates, were obtained on six (6) of the subjects, ¥ 


c. The men reported at the laboratory at 0645 hours, ate a standard 
breakfast, lounged around until it was time to dress to enter the cold room at 
0830 hours. If no exposure was planned for the morning, they returned to their 
barracks or helped around the laboratory until lunch at 1145 hours. They then 
returned to the laboratory for their afternoon exposure beginning at 1400 hours. 
All exposure periods were of three (3) hours duration at the ambient temperatures 
noted, usually -23°C. Four (4) of the subjects (Ba., Gr., Va., and He.) were ax- 
posed to wind velocities of either zero (0), five (5) or nine and six tenths (9.6) 
miles per hour in order to determine the influence of both air movement and cold on 
their reactions. The remaining six (6) subjects were not exposed to wind during 
these tests. 


4. Tests at Zero Air Movement: 


. a Data on the subjective reactions of six subjects exposed to still air 
at -23°C are presented in Figs. 3 and 4. The greatest number of observations made 
on any Single subject during the thirty-one (31) days of exposure was nineteen (19). 
On the basis of information gathered and for convenience during the following dis- 
cussion, the subjects were placed into one of two (2) broad groups--resistant (3 men) 
and variable reactors (3 men). 


b. Men who fall into the resistant category in initial tests have a 
decided tendency to remain in that class. In only one (1) of the three (3) resist- 
ant subjects (Fo.) was there observed any significant deviation from the resistant. 
There were two (2) days in fifteen (15) in which it appeared from this individual's 
subjective reactions that he might be intermediate instead of resistant. The two 
(2) remaining subjects (Ch. and Go.) could be classified as resistant in all the 
observations made. 


c. The other three (3) members of this group of six (6) were called 
variable reactors since their day to day reactions could not be predicted. Ri., 
varied from resistant to intermediate. During approximately one half of his first 
fifteen (15) days of exposure he was resistant and during the other half, inter- 
mediate, no pattern was observed. Di. and Ti. varied from susceptible to resistant. 
Ti. was resistant on only a single day, at other times varying from susceptible to 
intermediate. On the other hand, subject Di. ran the gamit from susceptible to 
resistant. Again no pattern was observed, 


d. These findings are of considerable importance in the interpretation 
of results in clothing tests which utilize subjective sensations of comfort of the 
subjects as criteria of adequacy. No certain comparisons of different clothing 
designs can be made using subjects who are not resistant because their responses are 
not predictable. Resistant subjects, on the other hand, may not be satisfactory 
since the differences they may exhibit if stress is not great will be small. It is 
always possible, however, to cause some resistant men to break down by subjecting 
them to a greater stress by decreasing the temperatures or by increasing air movement. 
Only if sufficient subjects are available and a large number of tests are made, is dt 
possible that a statistical analysis can provide an adequate answer from data ob- 
tained on the variable reactor groups. . 
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5. Tests with Air Movement: 


ae The data obtained on the subjective responses to cold reported by the 
four (4) men who were subjected to three degrees of air movements are presented in 
Fig. 5. Their pattern of response became more variable and unpredictable. In 
general, the higher the rate of air movement to which men are exposed, the more 
rapidly do they experience subjective sensations of discomfort. A single subject, 
He,, was uninfluenced by the increased air movements at -239C. The other three 
subjects were designated as susceptibles in their first test at zero wind. With an 
air movement of five mph they proved to be resistant, intermediate or susceptible 
on different days of exposure. The pattern was not regular in that the number of 
previous exposures had no influence on reactions to cold and wind during the exposure 
considered. This variability in response is important in the interpretation of the © 
protective value of clothing especially since most previous tests have been perform- 
ed under conditions of still air or very low wind velocities. 


6. Successive Exposures: 


a. Subjective Sensations, There was considerable discrepancy in the 
subjective sensations of cold experienced by men who were exposed to low tempera- 
tures in the morning and again in the afternoon of the same day. The explanation of 
the cause-effect relationship was not determined, but some of the details of the 
differences were clarified. Men were exposed for a three (3) hour period to low 
ambient temperatures both morning and afternoon. This test day was either preceded 
or followed by a day in which the men were subjected to either an afternoon or 4 
morning exposure only. 


b. The general: impression of both the observers and the subjects was that 
the men were much more comfortable during their second exposure of the day than they 
were during their first. Data obtained in afternoon exposures without the prelimin- 
ary morning exposures were very similar to those secured in the usual morning tests. . 
First exposures, regardless of the time of the day when they occurred, appear to be 
associated with more distressing symptoms of discomfort. Succeeding exposures were 
in general less severe on the basis of subjective sensations. 


c. Differences between the morning and afternoon exposure periods could 
not be determined on the four (4) men who were classified as resistant since they 
failed to experience discomfort during their first exposures (Fig. 6). 


tg) delay The remaining six neti; Ovatlable reactors) exhibited ‘a definite tentanmn 
toward greater comfort during their second exposures (Figs. 7 and 8). The real 
value of the differences for three men shown in Fig. 7 may be open to some question 
since the group had exhibited considerable variability in their first exposures of ; 
the day but the observations were fairly consistent with respect to increased vehi 
and delayed onset of symptoms during the second exposure. : 


e. The improved performance during the second exposure was most striking 
in three members of the group exposed to air movement and, hence, greater stress 
(Fig. 8). In initial tests with still air, none of these men exhibited symptoms of 
discomfort. However, when wind velocities of 5.0 and 9.6 mph were used considerable 
disturbances in subjective comfort appeared, as shown in Fig. 8. In all cases the 
subjects could be classified as resistant during the second exposure of the day 
whereas they were either susceptible or intermediate during their first exposure. 


4, 
Inel, #1 


Results of a single exposure during the afternoon were similar to those observed 
in the first or a Single exposure of the day in the morning. 


f. It appears that the subjective sensations of cold experienced by men 
are influenced to some extent by the condition of the sensory end organs or some ’ 
other element in the neural chain. The possibility that the end organs responsible 
for detection of the sensation of coldness have become adapted during the initial 
period of exposure and do not respond as rapidly and as intensely to the same degree 
of stimulus during a subsequent re-exposure cannot be ignored. This adaptation or 
raising of the threshold for cold stimulation appeared to persist for only a period 
of hours but this was sufficient to lower the intensity of response during the second 
exposure of the day. Adaptation did not persist overnight. Further investigation 
into this phenomena must be carried out with subjects who live continuously in a 
cold environment. 


ge The subjective sensations of cold experienced by the subjects on their 
first and thirty-first day of exposure to - 3°C and zero wind velocity are compared 
in Fig. 9. Hach subject had been exposed to low temperatures for at least one 
hundred and fifty (150) hours in the interval between these two tests, which were 
run under as similar conditions as possible. The four subjects who were resistant 
on their first exposure exhibited the same type of response on their thirty-first.. 
Of the six remaining subjects, five (5) who were classified as susceptible on their 
first day, were found to be resistant on the last day. All were definitely more 
comfortable. 


h, These apparent changes in subjective susceptibility to cold may have 
been simply a part of the normal variation observed in this group of subjects. But 
it may be an expression of the response of the organism to variation in intensity of 
stregs--on the first exposure the conditions appeared psychologically to be intense 
but repeated exposures to similar or more severe stresses resulted in a diminution 
of the sensory response or awareness of the intensity of stimulae and consequent 
impressions of relative comfort. 


4. This is also illustrated by the response of three susceptible subjects 
to an environment of -23°C and zero air movement before and after a period of expo- 
sure to low temperature and two degrees of air movement (Fig. 5). In tests at zero 
wind subsequent to these exposures to high air movement they were quite comfortable 
and could be classed without question as belonging to the resistant group. This 
suggests that the interim exposure to cold and wind had altered their responses to 
sensory stimili and certainly indicates the necessity for careful study of previous 
exposures in evaluating the reactions of subjects. The importance of previous or 
succeeding exposure to severe environmental stress in the subjective evaluation of 
sensory experiences appears to have been underestimated. 


7. Objective Measurements: 


ae The improvement noted in the subjective responses of the men during 
their second exposure of the day was also observed, although to a less marked degree, 
in the objective measurements made. Metabolic determinations were made on only two 
subjects. Their heat production rates were slightly lower in the second exposure. 
Subject, He., who was consistently resistant, had heat outputs of 55, 57 and 65 
Cals/u*/Hr. for the first, second, and third hours, respectively, of his morning ee 
exposure. Corresponding values were seven (7) to eight (8) per cent lower during the 
second exposure. The other subject, Gr., exhibited a similar response. The differ- 


Incl, #1 . > 


ik ane 
ie 5 Le are tips) ee iia 
a lagreye " Senanepeeas Kerak wele arr Rue? | 
asst Ta VEEP SF BS emer Dinah 8 een ks ecabigriparay: Hie Tate 
. Hees, OOH OME a ie OEP ARR MER eT gh Pee many? er geste eo § ee 
Cena tala Cs iP voawmnnaty PORE AN 9P9, BOD ORS TNO Leahocene Ot \fute 


Ap iene reenter | 
PP Ieu€ PIKE sts ‘ 


Pe LRN ES ee: Z xanimas hele SED: einin Pau fsieuepprneneg: 
‘“TIPCRRT EE eae gh: RONG Lan: HUA PLUGS IT genie N a vk gs ap elanerenes nah 
Boats Sees yee earn OR ppe: ogi ri paca one” 
Beye ieee phir ig ay; Saag 
pe Baty pa br sane & 


re eal ; eee 
PRO Pata OE ers, lem igen She SY pean 

ale ate a. os Mi tea eet Tg BULAtO. Bis Wheeh o Deng od 
(3 Hee be. Pe, Renta od, ¢ phew aaueabiery om 


} 


oe tye ‘seupns ee 1 eae ee, auitasaE oy" ar rete. | Pia ot aeton? ey watt os 
iy beg nrg oa vera pit SH BGUN sehele Uetagses: Une RS Bee ee 
i ah A Ot Ma tire ay tds ROE PUR COUGTE Sine: Shbiatrs se Aaacjrey vitro wy yng 
speiane t we! oo oul oe Pee: Laabobiaa Ot ripe eh Sea rented ApEyIEGou Ne 4 
Wad | Naif alee PERE £76) ORME MEAP O att opaedt nyc SU PETE | Rponk..ar: Gis a: 
yee | Pi sieor — arene? dD na SRR ETTTS ro bord: 
Plane Jigia st yep hi ; Phi x : P| tes F Hh 
et Sa ee eek Lae pel Re Ps ne Peuyepene Rr puregs seal a fhe vit ore ahd ds oa 
ee Sg pipe RAPT wae eteg? RUA Ce) ARE OLA GY ode E TR: OS Cage chee oD 
att Re eee ey, praee PEO RHES | MENT OT Set. fuse pie: faba OL hae hoya Se MAT SGT 
Cee! TOPOL STM Be Cans Bis nk hiss CORE RT OVE ee heserprer is Lee LON, Oe TC ee MPO Kate 
MANY: ide ba DF ot NN gy Pe bi GoHes 7 ie AME MNET-; 5s tiga es eee inary > ir tegiay % lg i vie, 
Pe ERT kA eeapy Ue FOG Mes haan mboned FO Tok feliiegwrpiriae Los, ‘ae Sh tices 
a PM SHTML TAT HER Oe exboeuna’ fo Wh SR POLO are Aer eT pA. a nag! 
Be i = in ha ion Sunita i279 babi beacause 54: pes ane a 
Gay Otis F : Sore . vy et 2 i: aN 
THER RIS Lpreinveaae tae Ly Gace tig age) Mee re aie a Cour pune Agta 
axbious he A UR EE) Sm Mra say Hy tap: Deteyey ia ae ih ae Lue. THAR Ge 
Si, patnee aNTp ste BES said Se ie yee Soe Yocaua tes oe Leghouee arate: 
SrTarae oY. REG EEE EPL) OST Rep rE Tey hb eeag fo tener yon Se 7 
ee MLL VI TAS GAL SER oe angen? CORTON De: Getting pe stirs sik Rae L tee 
A BERTOE OL: RUbCeaLA abe YO) dos LaULOy Me Labryyh vegire ‘trpeuseyh pe ane | 
PLOe PoMote Ten Ok Kia SAYRE TOR OL GOP Toe pea g | pein akg, wyrbeeg: ainsi | Aye 
Pape PTOMONS' Fir hed WG Mars |: Care S336 besser yr? RHE No. On Ole te 
are ae iphone Po -GGnN eM eie ph beg CONT REO OF fe; Weeon | wad, Ours 4 
a i t? ae rains ers Pad Tes dicots Ry ea: Peroni ates oF care aixthayd 30 


ences are Of somewhat doubtful significance since they may merely reflect the 
diminished intensity of shivering in subject Gr., or a decreased muscular tension 
in subject He. during the second exposure, 


b. Only slight differences appeared in the skin temperature during the 
aifferent exposures, They indicate a small trend toward a higher skin temperature 
at the end of the second (afternoon) exposure of the day which was not particularly 
related to the previous exposure, since higher terminal skin temperatures were 
recorded in all afternoon tests, whether preceded by a morning test or not. The 
occurrence of the higher extremity temperatures at the beginning of the second 
exposure of the day undoubtedly reflects the reactive hyperemia resulting from the 
previous morning exposure. The mean values for K, the cooling constant, were 
identical for the first exposures of the day either morning or afternoon, 0.770, but 
somewhat lower, 0.594, for the second exposure of the day. These differences are 
again only indicative of trends. The average rectal temperature changes are of some 
significance in that at the end of the second exposure they were higher than in the 
first exposures, viz.; A.M. 99.2 to 98.2; P.M. (same day) 99.9 to 98.6; P.M. (next 
day no A.M. exposure) 100.0 to 98.3. The relationship of these temperature changes 
to the sensations of discomfort experienced by the men is not clear, 
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FIG." I 


TIME OF ONSET OF SUBJECTIVE SENSATIONS OF COLD 
90 SUBJECTS, MORNING EXPOSURE 


HOURS 


DURATION OF EXPOSURE TO ONSET OF STATED SENSATIONS, HOURS 


ee aeenn 
F = ONSET OF PAIN IN FEET 
H = ONSET OF PAIN IN HAND 
S = ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE 
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PERCENTAGE DISTRIBUTION OF SUBJECTS IN 
TWO EXPERIMENTAL GROUPS CLASSED AS RESISTANT, SUSCEPTIBLE 


OR INTERMEDIATE REACTORS TO COLD 
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SUBJECTIVE REACTION OF MEN EXPOSED TO 
—23.3°C (ZERO WIND VELOCITY) 
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DURATION OF EXPOSURE TO ONSET OF STATED SENSATIONS, HOURS 


pene, oe 
F = ONSET OF PAIN IN FEET 
H= ONSET OF PAIN IN HAND 
S = ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE. 
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SUBJECTIVE REACTION OF MEN EXPOSED TO 
~ 233° (ZERO WIND VELOCITY) 
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DURATION OF EXPOSURE TO ONSET OF STATED SENSATIONS, HOURS 


am KEY — 
F =ONSET OF PAIN IN FEET 
H= ONSET OF PAIN IN HAND 
S = ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE 
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TIME OF ONSET OF SUBJECTIVE SENSATIONS OF MEN EXPOSED TO 
-23.3 °G AND WIND VELOCITIES OF O, 5.0 AND 9.6 MPH 
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DURATION OF EXPOSURE TO ONSET OF STATED SENSATIONS, HOURS 


a ee 
F= ONSET OF PAIN IN FEET 
H= ONSET OF PAIN IN HAND 
S= ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE 
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TIME OF ONSET OF SUBJECTIVE SENSATIONS OF GOLD IN RESISTANT SUBJECTS 
DURING .THREE HOUR EXPOSURES TO TEMPERATURES OF - 23.3 AND -27.0 °G 
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DURATION OF EXPOSURE TO ONSET OF STATED SENSATIONS, HOURS 


roses 2 Snares 
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H= ONSET OF PAIN IN HAND 
S= ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE 
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TIME OF ONSET OF SUBJECTIVE SENSATIONS OF COLD 
IN VARIABLE REACTORS DURING THREE HOUR EXPOSURES TO 
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DURATION OF EXPOSURE TO ONSET OF STATED SENSATIONS, HOURS 


Ee hee 
ay F = ONSET OF PAIN IN FEET 
H= ONSET OF PAIN IN HAND 
S= ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE 
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FIG. 8 


TIME OF ONSET OF SUBJECTIVE SENSATIONS OF COLD 
IN VARIABLE REACTORS DURING CONSECUTIVE THREE HOUR 
EXPOSURES TO COLD AND WIND VELOCITIES OF 0,5, AND 9.6 MPH 
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DURATION OF EXPOSURE TO ONSET OF STATED SENSATIONS, HOURS 


—KEY — 
F = ONSET OF PAIN IN FEET 
H = ONSET OF PAIN IN HAND 
S = ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE 


FIG. 8 


opr ai ewinsartn eka phat ran 
: Seatres yahbeaet phen rte al anor RBE NC 


, ARRAN EMER: La lap dBi diphe yee nae 
re 9 Pi eel Ne Pret te heer at 


Aad) 


renter 
ALi 


wee a ace 


ee 


Hier ae) WOE PCAARINS! SPW Xt 


gf! er aie et 1BE 


saber sek ~ 


, CO AD WaLAL) ba a “CCH Eek Oe 
eit on neuer’ HEL Oe DOS Oia GOT EAE 
| Be Duce Obi 202 aie ceviewOWne ite 


; 
Me Wied BIST 


us 


HOURS HOURS 
0 | 2 3 O | 2 3 

FIRST § FIRST § 

an EXP DAY F - EXP DAYF 
pom rears ae site LAST 

EXP DAY F EXP DAYF 

FIRST &§ FIRST § 

ee EXP DAY F ah EXP DAYF 

PET vs Rama tet ever as at 

EXP DAYF EXP DAYF 

FIRST § FIRST 4 

eT 5 ee jae RUE 

EXP DAY EXP DAYF 

FIRST § FIRST 29 

" EXP DAYF ce EXP DAYF 

a LAST § S70 AR oe 

EXP DAYE EXP DAYF 

FIRST § FIRST § 

« EXP DAYF ue EXP DAY 

aor LAST a aor LAST 5 

EXP DAYF EXP DAY F 


FIG. 9 


TIME OF ONSET OF SUBJECTIVE SENSATIONS OF COLD IN 
TEN SUBJECTS ON THEIR FIRST AND THIRTY-FIRST THREE 
HOUR MORNING EXPOSURE TO -23°C AND ZERO WIND VELOCITY 
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STATED SENSATIONS, HOURS 


F = ONSET OF PAIN IN FEET 
H= ONSET OF PAIN IN HAND 
S= ONSET OF SHIVERING 


EXTENSION OF LINE TO 3 HOURS INDICATES NO STATED 
SENSATIONS DURING EXPOSURE 
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